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3 Among these sources of Ca 2+ for excitation-contraction coupling the contribution of the SR varies between different types of muscles: cardiac, skeletal, and smooth. 1 
'
4~<i An unresolved question concerns the nature of these variations: Are they only quantitative or also qualitative, consisting of fundamentally different mechanisms for the release of Ca 2+ from the SR? This review tries to answer that question. The greatest attention is placed on the mechanism of Ca 2+ release from the SR of cardiac muscle and this is compared to release in skeletal muscle. Not much space is devoted to smooth muscle, simply because little is known of the mechanisms of Ca 2+ release from the SR in this tissue. Studies concerning the sources of Ca 2+ other than the SR 1 "
3 and the mechanisms of Ca 2+ transport by the SR which are not directly related to the release processes will not be discussed.
The first event in excitation-contraction coupling is the action potential. It is generally admitted that some Ca 2+ crosses the surface membrane of the cardiac cell during the action potential, whereas little or no Ca 2+ crosses the surface membrane of skeletal muscle cells. . According to this hypothesis, the small amount of Ca 2+ that crosses the sarcolemma during the action potential is insufficient by itself to activate the myofilaments but induces a release of Ca 2+ from the SR sufficient for activation. 7 " 16 "Depolarization-Induced" Release of Ca 2+ . According to this hypothesis, the action potential traveling in the transverse tubules induces a modification of the SR membrane that increases its permeability to Ca 2+ and thereby results in a release of Ca 2+ from the SR. not yet proved that the modification of the SR membrane which induces the release of Ca 2+ is indeed a "depolarization" of this membrane. 22 Experimental results corresponding to the demonstration of these two processes or the discussion of their physiological significance are reviewed in an order of increasing complexity of the preparations: (1) isolated SR, (2) single skinned cells (i.e., cells from which the sarcolemma has been removed by microdissection), 23 
"
25 (3) multicellular preparations in which the sarcolemma has been rendered highly permeable by various procedures, 26 ' 27 and (4) intact muscle preparations.
Fragmented Sarcoplasmic Reticulum

Ca
2+ -INDUCED RELEASE OF Ca
2+
Studies on isolated SR of skeletal or cardiac muscle provide information that may help to explain the Ca 2+ -induced release process, although none of these studies specifically implies this mechanism. Weber 28 - 29 demonstrated that the permeability of the SR membrane is controlled by both intravesicular and extravesicular [Ca 2+ ]. An increase in intravesicular [Ca 2+ ] inhibits Ca 2+ influx 28 and a decrease in extravesicular [Ca 2+ ] inhibits Ca 2+ efflux. 29 Katz et al. 30 specifically studied the effect of extravesicular free [Ca 2+ ] at various intravesicular [Ca 2+ ]. They demonstrated a close correlation between the Ca 2+ permeability of the SR membrane and the [Ca 2+ ] gradient across the membrane: a larger efflux rate was observed when the gradient decreased (i.e., when the extravesicular free [Ca 2+ ] increased). These results suggest that Ca 2+ release may be induced by the lowering of the gradient of free [Ca 2+ ] between the inside and the outside of the vesicles and that this process is not all-or-none 31 but graded as a function of the extravesicular free [Ca 2+ ] that induces it. 15 Alternatively, Ca 2+ release could be induced by the saturation of intravesicular or extravesicular binding sites on the SR membrane. Entman et al. 32 showed that the fragmented cardiac SR exhibits cycles of binding and release of Ca 2+ on addition of ATP. The saturation of all binding sites was necessary for the release phase to begin. In one reported experiment only (Fig. 8 Electrical polarization was shown to produce a net release of Ca 2+ from fragmented cardiac SR, 33 but this was associated with irreversible damage to the SR fragments caused by electrolysis at the stimulating electrodes. 34 Subsequently an indirect approach has been used to investigate the hypothesis of a "depolarization-induced" release of Ca 2+ . 35 - 37 After equilibration of skeletal SR vesicles with a solution containing a large anion, such as methanesulfonate or propionate, the replacement of this large anion by a more permeant anion, such as Cl~, results in Ca 2+ release. 35 ' 36 This result was explained by assuming that the membrane of the SR vesicles is polarized positively inside and negatively outside. 35 " 37 After the solution change, Cl" diffuses faster into the vesicles than the larger anion diffuses out. This produces a net positive charge outside the membrane and thus a depolarizaiton. Replacement of a small cation by a large and impermeant cation has the same effect. 37 If there is a potential across the SR membrane, these electrolyte-induced changes in net charge on the membrane would indeed produce a depolarization. However, a release of Ca 2+ from the SR binding sites could result directly from the change in net charge on the membrane. 38 Then the depolarization would be another consequence of the change in net charge on the membrane and not bear any causal relation to the Ca 2+ release from the isolated SR. The release of Ca 2+ even could be caused by the osmotic effects of the ionic changes rather than by the effect of their charge. This alternative hypothesis seems unlikely, however, because the two types of ionic changes causing Ca 2+ release should result in opposite osmotic effects. 35 
"
37
COMPARISONS BETWEEN DIFFERENT TYPES OF MUSCLES
None of the results obtained with fragmented SR demonstrates any differences in the mechanisms involved in the sequestration and release of Ca 2+ among different types of muscles. Most reported quantitative differences between the transport and binding capacities of isolated SR vesicles obtained from different muscles may be explained by the difficulty in obtaining pure preparations. A new method developed by Solaro and Briggs 39 overcomes this difficulty. This method consists of measuring the amount of Ca 2+ that can bind to an isolated, but not necessarily pure, SR fraction and the amount of that fraction in the muscle. This method has been applied only to dog ventricular muscle and shows that the SR of this tissue can bind more Ca 2+ than is needed to activate the myofilaments completely. 39 However, no evidence given in this study or in the other studies discussed in this section of the review indicates that the SR can release Ca 2+ at a rate fast enough to account for the rate of contractile activation in the intact muscles. Nonetheless, these studies provide preliminary information on the mechanism of the two processes proposed for the physiological release of Ca 2+ from the SR. A number of other interventions can induce a Ca 2+ release from isolated SR, but there is no evidence that the corresponding processes can play any physiological role. 37 The differences observed in excitation-contraction coupling among various intact muscle tissues may be explained, at least partly, by variations in the ratio of the volume of the SR to the cell volume. The terminal cisternae of the SR, which seem to be the releasing sites, 40 comprise only 0.3% of the cell volume in rat ventricle, 41 as compared to 4.1 % in frog sartorius. 42 The SR is considerably less developed in frog ventricle than in mammalian ventricle. 43 The amount of SR also varies among different smooth muscles. 6 These findings provide a convincing explanation for the quantitative differences in the contribution of the SR as a source of Ca 2+ among various muscle tissues. However, a detailed study failed to provide a clear correlation between differences in structure and in mechanisms of cardiac excitation-contraction coupling among different animal species. 44 The function of the various structures of the SR and of its junctions with the transverse tubules or the surface membrane do not appear to be clearly defined. 44 Therefore, ultrastructural differences cannot be used at the present time to explain qualitative differences in the processes of Ca 2+ release for the SR among various muscles.
Single Skinned Muscle Cells
METHODS USED TO DETECT THE RELEASE OF Ca
2+
In single skinned cells, the SR presumably is intact and yet is directly accessible to externally applied solutions because of the mechanical removal of the sarcolemma. According to Natori's technique, 23 single skinned cells of skeletal muscle are obtained by simple dissection of the sarcolemma under low power magnification. Single skinned cardiac cells have a volume about 10 4 times smaller than that of the skinned skeletal muscle fibers. Thus, dissection of their sarcolemma must be done under high power microscopy and tension recording from these skinned cardiac cells requires a transducer sensitive in the microgram range. 24 This small size of the single skinned cardiac cells (5-12 pm in width) facilitates the diffusion of externally applied media. Accordingly, segments of skinned skeletal muscle fibers of the same dimensions as the skinned cardiac cells were used for experiments when diffusion was a critical factor. 16 
Ca
2+ release was demonstrated directly only in large skinned fibers of skeletal muscle obtained with Natori's technique. 23 (Fig. 1C) . This method gives less precise results than the first one because the concentration of caffeine necessary to release either all the Ca 2+ contained in the SR or a constant fraction of this Ca 2+ is not clearly established. In one study, 5 mM caffeine was assumed to release all the Ca 2+ contained in the SR of skeletal muscle skinned fibers, 9 but, more recently, 25 mM caffeine appeared to release only most of the SR Ca 2+ . 14 In skinned cardiac cells, Ca 2+ can still be released by the ionophore A-23187 (0.01 mM) applied just after a contraction induced by 25 mM caffeine. These results were obtained in cells treated with azide (5 mM) and ruthenium red (0.005 mM) to eliminate the induction of Ca 2+ release from the mitochondria by the ionophore. Finally, caffeine might increase the sensitivity of the myofilaments to Ca 2+ . 25 In addition to these limitations of the method using high ] that it provides cannot be used to establish the transsarcolemmal Ca 2+ influx necessary for Ca 2+ -induced release in an intact muscle cell. First, the stability constant of the Ca-EGTA complex is uncertain. 15 Second, obviously there is no high [EGTA] in the intact muscle cell. Thus, the myoplasmic free [Ca 2+ ] is likely to be uneven and lower in the vicinity of the external surface of the SR than elsewhere in the intact cell. The most relevant information would be a direct measurement in nanomoles per gram of tissue of the transsarcolemmal Ca 2+ influx necessary to induce Ca 2+ release from the SR in the absence of EGTA. Unfortunately, this information cannot be derived from the experiments done on skinned muscle cells because a sufficiently low free [Ca 2+ ] cannot be obtained without the addition of EGTA to the solution.
MECHANISMS FOR Ca 2+ RELEASE IN SKINNED CARDIAC CELLS
In the skinned cardiac cells of rat ventricle, the free ] threshold for direct activation of the myofilaments consists of destroying the SR with a detergent that does not modify the sensitivity of the myofilaments to Ca 2+ . 15 This permits comparison of the Ca 2+ requirements for activation in the presence and in the absence of SR with the use of a constant total [EGTA] . Then it becomes clear that the uncertainty relative to the myopalsmic free Ca concentrations does not detract from the conclusion concerning the existence of a Ca-induced release of Ca from the cardiac SR, since less total calcium is required for contractile activation when the SR is present than when it has been destroyed.
In summary, the exact value of the transsarcolemmal Ca 2+ influx necessary for the activation of an intact cardiac Figure 1 were obtained in the presence of 3.16 x 10~4 M free Mg 2+ ; this might be slightly lower than the physiological concentration. 47 However, even in the presence of 3.16 x 10" 3 M free Mg 2+ , which is certainly above the physiological level, a Ca 2+ release still can be induced by a free [Ca 2+ ] lower than the threshold for direct activation of the myofilaments. 16 The level of filling of the SR with [Ca 2+ ] necessary to obtain the Ca 2+ -induced release does not seem to be unphysiologically high. 15 The skinned cardiac cells were not exposed to free [Ca 2+ ] higher than that necessary to induce the Ca 2+ release prior to the induction of this process (i.e., no Ca 2+ preload of the SR was used). 15 The dilation of the SR cisternae observed in skinned cardiac cells 12 is not caused by an overload of the SR with Ca 2+ , 15 but probably by the swelling of the myofilament lattice, which is caused by Donnan osmotic forces. 49 ] to a level about 20 times higher, thereby activating the myofilaments (Fig. IB) . During relaxation, most of the Ca 2+ would then be resequestered by the SR and the phasic contraction would be cyclically repeated unless another process were to decrease further the myoplasmic free [Ca 2+ ]. In skinned cardiac cells, a single phasic contraction can be obtained when the free [Ca 2+ ] is reduced from about 4 x 10~s M to 2 x 10~8 M just after the contraction has been induced (Fig. ID) ] used to induce the release is increased 15 (Fig. ID) . Part of the observed gradation may be caused by direct binding to troponin of a fraction of the increased amount of Ca 2+ used to induce Ca 2+ release from the SR. Ca 2+ can bind to troponin even at a free [Ca 2+ ] lower than the Ca 2+ threshold for contraction. 51 In addition, the Ca 2+ -induced release process itself could be graded, not only as a function of the free [Ca 2+ ] that induces it, 15 but also as a function of the level of Ca 2+ load of the SR. The degree of Ca 2+ loading of the SR may be modified either by increasing the inward transsarcolemmal Ca 2+ current or the efficiency of the Na + -Ca 2+ exchange at the level of the surface membrane. 2 It also can be modified by agents such as cyclic AMP that directly affect Ca 2+ transport by the SR. 46 In contrast, some interventions, such as a change in cell length, may modify the fraction of the SR content released without changing the total content. 48 ] required to induce Ca 2+ release from the SR is higher than in rat ventricle, 12 ' 24 although still lower than the threshold for direct myofilament activation. In addition, the rates of tension development and of relaxation are lower than in the rat ventricle. The rate of re-uptake of Ca 2+ by the SR, which can be inferred from the frequency of the cyclic contractions, is also lower. The amount of Ca 2+ released by the SR is smaller than in the rat ventricle, since the phasic contractions are inhibited by a lower total [EGTA] . Thus, a Ca 2+ -induced release may be a physiological process in the ventricular tissue of these mammalian species, but it is less developed than in the atria of the same animal species and in the rat ventricle. Accordingly, the activation of these mammalian ventricular tissues may be more dependent on superficial Ca 2+ .
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The Ca
2+
-induced release process is less developed in the rabbit ventricle than in other mammalian ventricular tissues. 12 -induced release of Ca 2+ cannot initiate the contractile activation in the intact skeletal muscle. The only hypothesis that could challenge this conclusion is that the space between the transverse tubules and the lateral cisternae of the SR would not be in communication with the myofilament space. This hypothesis is not supported by any convincing evidence.
In contrast, the Ca 2+ -induced release process could play a role in the mechanism of the action of caffeine on the contraction of the intact skeletal muscle. 47 Another possibility would be that Ca 2+ -induced release of Ca 2+ could amplify the release of Ca 2+ initiated by a "depolarizationinduced" release of Ca 2+ . 52 This hypothesis is reasonable since it is not certain that the free [Ca 2+ ] necessary for a Ca 2+ -induced release in skeletal muscle remains as high as 10~4 M once the conformation of the SR membrane has been modified by "depolarization-induced" release.
The hypothesis of a potential across the SR membrane was suggested but not demonstrated by the induction of various types of contractions by electrical polarization of segments of skinned skeletal muscle fibers. 17 The small diameter of the tubules and cisternae that constitute the SR has discouraged most investigators from trying to record a potential across the SR membrane with microelectrodes. Nevertheless, Natori 53 recently reported microelectrode recordings of phenomena resembling action potentials during the phasic contractions of skinned fibers. Natori discounted the possibility of mechanical artifacts because the rate of rise of the microelectrode recording was higher than that of the contraction simultaneously recorded by an optical procedure. In our opinion, the rate of rise of the localized mechanical recording obtained with the microelectrode working as a transducer could be expected to be higher than that of a mechanical recording obtained from a larger segment of the preparation, especially since the contractions were desynchronized and propagated along the fibers. Finally, Natori cannot ascertain that the physiological event recorded with the micro- 53 To prove indirectly that the depolarization of the SR could release Ca 2+ , Costantin and Podolsky 17 induced contractions by replacing less permeant anions by Cl", or by replacing more permeant cations by less permeant ones in solutions bathing skinned fibers. The rationale was the same as that explained in the section on isolated SR. Nakajima and Endo 18 demonstrated that these contractions are due to a change of net charge on the SR membrane rather than on the membrane of the transverse tubules. Thorens and Endo' 9 showed that the mechanism of the "depolarization-induced" Ca 2+ release is different from that involved in the Ca 2+ -induced release because the two processes are not modified by the same physical or pharmacological interventions. The amount of Ca 2+ released by "depolarization" is modified, in contrast, by the same pharmacological and physical interventions that modify the contraction of the intact skeletal muscle, and the changes are in the same direction. 19 Finally, "depolarization-induced" release of Ca 2+ does not require a nonphysiological preload of the SR with Ca 2+ and can be observed in the presence of a physiological free myoplasmic [Mg 2+ ]. Therefore, this process might be similar to the mechanism that releases Ca 2+ in the SR of the intact, predominantly fast skeletal muscles. 19 This suggestion does not mean, however, that Ca 2+ release from the SR is necessarily initiated by a Cl~ current across the membrane of the transverse tubules.
A change in anions does not result in a Ca 2+ release in segments of skinned fibers of skeletal muscle treated with 10 mM caffeine. 25 This negative result confirms the hypothesis that a "depolarization-induced" release of Ca -induced release process is inhibited. In contrast, frog skeletal muscle could normally present a "depolarization-induced" release of Ca 2+ , and Ca
-induced release may be induced or enhanced by caffeine.
9 -l2 -l6> "
"Chemically Skinned" Multicellular Preparations
CARDIAC MUSCLE
Winegrad 26 demonstrated that the sarcolemma of cardiac cells can be rendered highly permeable by treating multicellular preparations with ethylenediaminetetraacetic acid (EDTA). Winegrad has pointed out the risk of the sarcolemma healing over when free [Ca 2+ ] is increased or when the nature or concentration of the chelating agent is modified. 26 EGTA can, however, replace EDTA for "chemical skinning" if it is applied at high concentrations on a thin preparation for enough time. 54 As long as these limitations are taken into account, "chemically skinned" preparations can be used meaningfully to study excitationcontraction coupling. For instance, Winegrad 27 demonstrated two pools of Ca 2+ in frog cardiac muscle: one corresponded to the SR, which is poorly developed in this preparation; the other, with low affinity for Ca 2+ but extremely large capacity, corresponded to the mitochondria. Problems arise when either "chemical skinning" or a combination of a partial mechanical skinning and a partial "chemical skinning" is used on multicellular preparations without taking into account the limitations of "chemical skinning." These problems recently have been discussed 25 with respect to two publications that dealt with Ca 2+ release from the cardiac SR. 55 ' 56 Kerrick and Best 55 used multicellular preparations that are likely to contain cells with intact surface membranes, because electron microscopic studies have shown that no procedure of homogenization was able to disrupt the cells located in the center of multicellular fragments. 25 Kerrick and Best 55 demonstrated the induction of phasic contractions by replacing propionate by Cl~ in the bathing solution. They attributed these phasic contractions to a depolarization-induced release of Ca 2+ from the SR. It was suggested, 25 however, that the phasic contractions were in fact triggered by action potentials generated by the sarcolemmas of the nondisrupted cells of the fragments whose "chemical skinning" had been reversed by successive perfusions in the presence of either high free [Ca 2+ ] or low total [EGTA].
Kerrick and Best 55 present arguments against the existence of a membrane potential in their preparation. First, they quote microelectrode recordings reported by others who used homogenized preparations, 12 but these microelectrode recordings demonstrate a significant resting potential in preparations of the size used by Kerrick and Best (see Discussion in Fabiato and Fabiato 12 ). Second, Kerrick and Best 55 report that replacement of Na + by K + in the perfusing solution did not induce a contraction. Microelectrode recordings from similar preparations showed that replacement of Na + by K + produced a deciease in the resting potential from about -20 to -10 mV without triggering an action potential, 1225 probably because the sarcolemma was initially depolarized below the potential for inactivation of the Ca 2+ current. In contrast, replacement of propionate by Cl~ in preparations of the size used by Kerrick and Best induced a repriming of the membrane potential from about -20 to -40 mV or more. 25 This often was followed by the development of a slow depolarization and by a small action potential. 25 This action potential was accompanied by a contraction and was deemed to be the cause of the Cl "-induced contraction reported by Kerrick and Best. 55 The conditions necessary to obtain Ca 2+ -induced release of Ca 2+ in the preparation used by Kerrick and Best 55 appear to be strikingly similar to those reported for skinned fibers of skeletal muscle. 8 For instance, the preparation of Kerrick and Best can be loaded with a free [Ca 2+ ] that would not load the SR of single skinned cardiac cells but would induce Ca + release. This result might be explained by assuming that a large fraction of the Ca 2+ was sequestered by a large "extracellular Ca 2+ buffer," which might be the basement membrane. Obviously, none of these arguments would apply to the use of this valuable preparation 55 under the conditions of proper "chemical skinning" for the study of the effects of various interven- tions on the tension developed by the myofilaments.
Bloom et al. 56 used multicellular fragments (50 fun in width) of mouse heart muscle obtained by homogenization. They did not study the induction of a phasic contraction by increasing free [ 
SMOOTH MUSCLE
Winegrad's technique of "chemical skinning" 26 also has been applied to vascular smooth muscle. 60 However, when this preparation was placed in the presence of a saturating free [Ca 2+ ], it developed only 7% of the maximum tension generated by the intact muscle. 60 No evidence for either of the two mechanisms of Ca 2+ release from the SR has been reported yet for this preparation. 67 and that the rate of tension development is higher than in other mammalian ventricular tissues. 68 In contrast with the observations made on other mammalian ventricles, an increase in frequency results in a progressive decrease in the contraction amplitude in the adult rat ventricle. The demonstration of this negative staircase in skinned cardiac cells of rat ventricle supports the hypothesis of a participation of the SR in its mechanism. 15 Treatment with high concentrations of caffeine suppresses the Ca 2+ -induced release process in skinned rat ventricular cells, whereas low concentrations of caffeine decrease it and make rat ventricular skinned cells behave like skinned cells of other mammalian species. 24 These results are in agreement with the observations that caffeine decreases the rate of tension development and suppresses the negative staircase in the intact rat ventricular tissue. 68 A force-frequency relationship similar to that of other mammalian species can be induced in rat ventricle if the extracellular [Ca 2+ ] has been reduced for a long period of time; this procedure may deplete the SR of Ca 2+ . 67 The lesser development of the Ca 2+ -induced release of Ca 2+ in rabbit ventricle than in the ventricle of other mammalian species may help to explain the finding that the rates of tension development and of onset of activation are lower in rabbit ventricle than in other mammalian species. 69 The absence of a Ca If this indirect evidence and the arguments in favor of the physiological condition of the SR, discussed in the section on skinned cardiac cells, were judged sufficient to demonstrate that this preparation is representative of the intact cardiac muscle, then it would be difficult to avoid the conclusion that Ca 2+ is released from the SR of the intact mammalian cardiac muscle by a Ca' 2+ -induced process.
SKELETAL MUSCLE
The long persistence of the electrically induced contractions of skeletal muscle after the total removal 4 ' 5 of.extracellular Ca 2+ is a strong argument against a major role of a Ca 2+ -induced release of Ca 2+ in intact skeletal muscle. Similarly, the absence of any significant effects of manganese and the small effect of verapamil on the contraction of the intact skeletal muscle demonstrate that superficial Ca 2+ is not required for the excitation-contraction coupling in this tissue.
1 Therefore, the Ca
2+
-induced release of Ca 2+ cannot initiate the contraction in the intact skeletal muscle since no superficial Ca" + trigger is necessary for the contraction.
Arguments recently have been presented in favor of a depolarization of the SR membrane during excitationcontraction coupling in intact skeletal muscle. 20 - 21 Relative changes in the birefringence 20 or fluorescence intensity detected in skeletal muscle cells stained with various dyes 21 were observed during activation. The time of occurrence of these optical signals with respect to the action potential suggests that they are related to the release of Ca 2+ from the SR. These optical modifications correspond to conformational changes or to some other unidentified modifications of the membrane that have been demonstrated to correlate with changes of membrane potential in other tissues. Thus, these findings 20 -21 sugges' that three phenomena occur within a short time period: "conformational" changes of the SR membrane, changi: of its membrane potential, and Ca 2+ release. But the reported findings 20 - 21 do not permit the inference of any causal relation among the three phenomena. Thus, for instance, the depolarization of the SR could as well be a consequence of the Ca 2+ release as its cause.
Neither these optical experiments nor the substitution of unequally permeant ions in isolated SR and skinned fibers permits the conclusion that Ca 2+ release is caused by a depolarization of the SR. The phrase "depolarizationinduced release," however, is correct if "depolarization" refers to the transverse tubules. This implies that the depolarization of the transverse tubules itself triggers Ca 2+ release from the SR by a mechanism that does not involve any Ca 2+ flux across the junction between transverse tubules and SR. One possible mechanism is that the depolarization of the transverse tubules would cause the movement of charged particles. 22 Mechanical links, which possibly correspond to the feet in the SR-transverse tubule junction observed under electron microscopy, 71 could couple the charges from the transverse tubules to sites that are "plugged" in the SR membrane. The depolarization-induced movement of charges of the transverse tubules would then unplug a channel in the SR membrane through which Ca 2+ would flow into the myoplasm. 
SMOOTH MUSCLE
Large variations among different smooth muscles in the persistence time of drug-induced contractions after total removal of Ca 2+ from the bathing medium have been reported. These findings suggest that the SR may play a very variable role in the excitation-contraction coupling of various smooth muscles. However, we found only one study dealing with the process whereby Ca 2+ could be released from the SR of a smooth muscle. This report 72 suggests that the Ca 2+ -induced release of Ca 2+ may operate in the rectal smooth muscle of the mouse. Alternatively, the two contractile components presented in this report 72 might correspond to two pools of superficial Ca 2+ according to the rationale explained for cardiac muscle.
Conclusions
This review suggests that Ca
2+ release from the SR is initiated by two different processes in mammalian cardiac muscle and predominantly fast skeletal muscle. In mammalian cardiac muscle, the Ca 2+ that crosses the surface membrane during the action potential could initiate Ca 2+ release from the SR. In contrast, Ca 2+ release from the SR of fast skeletal muscles could be initiated by the depolarization of the transverse tubules through a process about which the only well established finding is that it does require Ca 2+ . It would be interesting to see whether other types of muscles, such as slow skeletal muscles or some smooth muscles, use a combination of both processes in variable proportions. Such a combination is not yet excluded for any type of muscle. The suggestion that there is a difference between cardiac and fast skeletal muscles in the process of Ca 2+ release from the SR concerns only the initiation of this release.
